This study evaluated the association of vitamin D and bone markers with the development osteoporosis in Palestinian postmenopausal women. Even though vitamin D deficiency was very high for the recruited subjects, it was not associated with osteoporosis except for bones of the hip. Age and obesity were the strongest determining factors of the disease.
Introduction
Osteoporosis is a widespread disease characterized by significant decrease in bone quality as a consequence of deterioration in bone microarchitecture and low bone mass [1, 2] . Primary osteoporosis is common in postmenopausal women but can also affect men at an older age. Common bone fractures constitute the major cause of high mortality and morbidity among patients with mounting cost on health services [3] . Bone mineral density (BMD) is determined by several non-genomic (nutritional, hormonal) and genetic factors [4, 5] . Genome wide association studies provided positive association between certain loci in the genome and osteoporosis [6] .
Vitamin D plays a central role in bone formation and remodeling [7] [8] [9] . Several studies have documented the importance of maintaining adequate levels of serum vitamin D to protect against bone fracture [10] [11] [12] [13] [14] [15] . Vitamin D deficiency is currently a major health concern worldwide [7, 16, 17] . Although the Middle East countries enjoy sunshine year around, their populations suffer from significant vitamin D deficiency in all ages and have one of the highest rates of rickets in the world [10, 15, 18, 19] . Several factors contribute to the development of vitamin D deficiency and its negative physiological impact on bones including decreased dietary intake, inadequate production of the vitamin in the skin, and disturbances in the production of the active hormonal form of vitamin D [10, 15, [20] [21] [22] [23] . Recently, vitamin D deficiency, which is common among the Saudi Arabian population, reached 41-64% among young females 12-18 years old [24] [25] [26] [27] . In addition to the vitamin D status, mutations in the vitamin D receptor markedly contribute to the complications of vitamin D deficiency on bone health [28, 29] .
Bone remodeling is a slow and life-long active process influenced by vitamin D receptor activity in bone cells [30] . The magnitude of bone remodeling is evaluated through the measurement of specific bone turnover markers including serum carboxy-terminal telopeptide (s-CTX) and the N-terminal propeptide (PINP) of procollagen type I [31] [32] [33] .
Previously, we reported relatively high prevalence of postmenopausal osteoporosis in the Palestinian population that was associated with poor knowledge and awareness about the various risk factors of the disease [34] . Body mass index positively correlates with BMD [35] , while very low BMI represents an independent osteoporotic fracture risk [36] . However, obesity does not protect against all osteoporotic fractures [37] and bone recovery after fractures is worse among obese compared to non-obese individuals [38] .
In the present study, we investigated the correlation between BMD at various specific skeletal sites (total hip, lumbar L1-L4 spine, and femoral neck) with serum levels of 25(OH)D, parathyroid hormone (PTH), calcium, specific markers of bone formation, and bone resorption, in addition to other non-genomic factors including age, height, weight, and BMI among Palestinian postmenopausal women. The effect of obesity on osteoporosis, as reflected by the relationship between obesity and BMD, was also analyzed.
Methods

Study subjects
In this cross-sectional study, the subjects comprised of 382 postmenopausal women (ages ≥45 years) were recruited from various clinics and community centers from the central part of the West Bank region of Palestine. All recruited subjects were not previously diagnosed with bone problems or suffer from bone-related health conditions and had no previous BMD assessment. In addition, none of the subjects suffered from any medical complication that affected bone health status and were not using any prescription drugs or food supplements (including vitamin D and calcium) that affected their general bone status. All subjects were referred to a special clinic and were medically checked for their vital signs, their height and weight were recorded, and BMI was calculated. All subjects were interviewed by the medical staff of the clinic to fill a special questionnaire concerning their life style and general health information that was designed, tested, and used previously by our group [34] . Blood samples were collected from all subjects; serum was immediately separated and stored frozen until the level of specific serum bone-related markers was measured. All study subjects were required to sign a consent form declaring their agreement to participate in the study. Ethical approval for the study protocol was obtained from the Research Ethics Committee of Al-Quds University in Palestine.
Bone mineral density and serum bone markers assessment BMD was assessed using dual energy x-ray absorptiometry DXA (Lunar Prodigy GE) at the total hip, femoral neck, and lumbar (L1-L4) spine. Measurements of BMD were very precise (coefficient of variation (CV) = 0.28%). Serum 25(OH)D (CV = 2.33% and 6.45% for intra-and inter-assay, respectively) and PTH (CV = 2.08% and 1.75 for intra-and inter-assay, respectively) were measured by chemiluminescence using Architect 1000 (Abott, USA). Serum calcium was measured by a calorimetric end point method. CTX and PINP (CV < 10%) were measured by ELISA. Osteoporosis is defined as having a T score ≤ −2.5 at any of the three tested sites.
Statistical analysis SPSS program was utilized for all data entry and related analysis that included frequencies, descriptive statistics, and bivariate correlations (Pearson's). Simple linear, multiple, and logistic regression analyses were also performed on the data to assess the correlation between BMD and the various indicated variables. Chi-square test (two-sided) was performed in order to identify differences in categorical variables between subgroups and independent t test for continued variable. One-way analysis of variance (ANOVA) was undertaken to assess differences in means of calcium and PTH by vitamin D groups. Significance levels of less than 5% were considered significant. Table 1 of univariate analysis showed that mean values of weight, height, and BMI were significantly lower (p < 0.0001) in women with osteoporosis, while their mean age was significantly higher compared to normal control subjects (68.2 vs. 61.3 years, respectively, p < 0.0001). The mean values of BMI for both groups were above 30 kg/m 2 , which indicated that osteoporosis and control subjects were obese. No significant differences were detected between mean values of calcium, 25(OH)D, PTH, and bone turnover markers (CTX1 and PINP) in women with osteoporosis compared to controls. Due to the fact that there was a significant difference in the mean age between control and osteoporosis groups, the differences between the indicated markers (vitamin D, Ca, PTH, CTX1, and PINP) were reevaluated after taking a subset of the control group with a mean age that matches the mean age of the osteoporosis group. Similar results were obtained that ruled out the differences between the indicated markers being due to age (data not shown). Table 2 showed that 14.1% of the study subjects had severe vitamin D deficiency (< 10 ng/ml 25(OH)D with mean ± SD 8.51 ± 1.28 ng/ml), whereas 71.8% had vitamin D insufficiency or borderline [25(OH)D 10 to < 20 ng/ml with mean ± SD 13.26 ± 2.20 ng/ml]. Subjects with normal (vitamin D sufficient) represented 14.1% [25(OH)D ≥ 20 ng/ml with mean ± SD 24.55 ± 3.60 ng/ml] [7, 39] . Chi-square analysis showed no statistically significant difference in the prevalence of vitamin D groups between osteoporosis and control subjects. Table 2 also showed the levels of calcium and PTH in subjects in the three vitamin D groups. ANOVA showed that mean serum calcium levels were significantly higher in subjects with vitamin D sufficiency compared to serum calcium levels in subjects with severe vitamin D deficiency or vitamin D insufficiency (p = 0.022). However, it should be indicated that serum calcium levels in the three groups were within the normal range. When PTH levels were compared in the three groups, ANOVA showed that mean values of PTH levels were significantly lower in subjects with vitamin D sufficiency (p < 0.0001) compared to vitamin D insufficiency or severe vitamin D deficiency subjects. The mean values of PTH were not statistically different between severe vitamin D deficiency and vitamin D insufficiency subjects. Approximately, 27% of recruited subject had previous accident that caused broken bones with no difference between osteoporotic and control subjects.
Results
A scatter plot showing the relationship between vitamin D and PTH is depicted in Fig. 1 . Vitamin D was negatively correlated with PTH in all subjects (r = −0.295, p < 0.01) as well as in osteoporosis subjects (r = −0.30, p < 0.01). Table 3 showed the Pearson correlation coefficients of the parameters measured in the tested subjects. Serum 25(OH)D was significantly negatively correlated with PTH, weight, and BMI and positively correlated with calcium. No statistically significant correlations were detected between vitamin D and BMD at the three indicated sites (total hip, femoral neck, and lumbar L1-L4 spine), as well as with age, height, bone resorption (CTX1), and bone formation (PINP) markers. Age was negatively correlated with BMD (total hip, femoral neck, and lumbar L1-L4 spine), height, weight, and BMI. Pearson correlation showed the markers for bone resorption (CTX1) and bone formation (PINP) were positively correlated (r = 0.529, p < 0.01). This correlation between bone-remodeling markers was very strong in subjects with osteoporosis (r = 0.887, p < 0.000) whereas no correlation was seen in normal control subjects (r = 0.03, p = 0.74). Among control subjects, PINP was negatively correlated with femoral neck BMD (r = −0.199, p = 0.015) and height (r = −0.173, p = 0.034) and positively correlated with BMI (r = 0.190, p = 0.021). Calcium levels were positively correlated with vitamin D levels and BMD of total hip, whereas calcium was negatively correlated with PTH. These correlations, despite being significant, were not strong. Body mass index was positively correlated with BMD (in total hip, femoral neck, and lumbar L1-L4 spine) and PTH and negatively correlated with vitamin D.
Correlations within the osteoporosis group were also investigated. No significant correlations were seen between calcium and vitamin D, calcium and PTH, BMI and vitamin D, BMI and PTH, BMI and femoral neck BMD, BMI and age, and height and BMD at the three sites. Lumbar spine BMD was positively correlated with vitamin D (r = 0.193, p = 0.033), negatively correlated with PTH (r = −0.198, p = 0.030), and not correlated with height and age.
To determine which variables could predict the BMD level when controlling for the effect of others at each of the tested locations, multiple regression was performed on all variables ( Table 4 ). The results showed that irrespective of the location, both age and weight of the participants appeared to be significant determinants of BMD. Weight appeared to have a positive medium effect on BMD at all locations, whereas age was a negative predictor that lost some of its correlation strength with BMD in the lumbar spine. All other variables did not show any association with BMD at any tested location, except for vitamin D, which appeared to have an effect on the lumbar spine. The models in Table 4 suggested that the variables entered in the analysis had the strongest predictive effect on To test which variable has a significant effect that could be a determinant on the probability that the tested subject would become osteoporotic, binary logistic regression was carried out ( Table 5 ). The results showed that age and obesity status of the subject could be important determinants of osteoporosis. Age progression appeared as a risk factor with odds ratio (OR) = 1.1 (1.05-1.15). Obesity status was protective against osteoporosis development with a borderline effect for being overweight (OR = 0.11, p = 0.053) and a very clear effect for being obese (OR = 0.05, p = 0.007). The protective effect of obesity on the development of osteoporosis was only seen in the total hip of obese subjects (OR = 0.195, p = 0.04) but not in overweight subjects. Among all models tested, the overall osteoporotic status model was the strongest in terms of its predictive power and joint effect of the significant variables on the change in the status compared to individual sites. Age was the only significant predictor at all sights and the only significant predictor for osteoporotic development in the femoral neck and lumbar spine.
Discussion
The present data showed vitamin D deficiency to be common among Palestinian postmenopausal women which is consistent with the widespread vitamin D deficiency in Palestine [39] and Middle Eastern Arab countries [15, 27, 40] . The level of vitamin D depends on several factors including diet, exposure to sun, age, feeding habits, life style, metabolic, genetic, and other environmental factors [7, 41] . In Palestine, like the rest of Middle Eastern countries, adequate sunshine is available throughout the whole year; however, exposure of women to sunlight is limited due to cultural and social factors. In addition, poor awareness of the disease, absence of screening programs, and poor advice on the need for regular consumption of dairy products and vitamin D-rich food largely contribute to the observed high vitamin D deficiency among postmenopausal women. Moreover, poor socioeconomic conditions including limited income and large family size add additional complications to the problem [34] . In addition, iron deficiency is common among the Palestinian population [39] and intestinal absorption of vitamin D is influenced by iron metabolism which provides an additional factor in determining serum vitamin D levels [42] . Clearly, the inverse correlation between vitamin D level and PTH was evident. Our results showed no correlation between vitamin D and BMD levels and mean vitamin D levels were not significantly different between osteoporotic and control groups. However, a positive correlation between vitamin D and lumbar spine BMD in Pearson correlation of osteoporosis postmenopausal women subgroup and in multiple regression analysis was seen and indicated differential effect of vitamin D on BMD at this site. Even though multiple regression analysis showed significant effect on BMD of lumbar spine, logistic regression analysis showed this effect was not enough to affect the status of osteoporosis among tested subjects. This is in agreement with previous studies in Lebanon, Saudi Arabia, United Arab Emirates, and Iranian postmenopausal women that found no correlation between 25(OH)vitamin D and BMD [10, 40, [43] [44] [45] and in other counties [12, [46] [47] [48] . The lack of correlation between BMD and serum 25(OH)vitamin D does not exclude a correlation of BMD with intracellular active 1,25(OH) 2 D 3 produced in all tissues including bone cells that exerts its function through an autocrine effect [49, 50] .
The cutoff value for vitamin D using PTH levels as reference was 14.3 ng/ml which represents the optimum vitamin D levels that prevents secondary hyperparathyroidism among the tested subjects. This value is comparable to the vitamin D cutoff value (15.4 ng/ml) determined by similar analysis in a study of hypovitaminosis among college students in a country in the same region [51] and in contrast to 30 ng/ml in the Spanish community [52] . These reflection points are not reliable and are not used to derive desirable vitamin D levels. The increase in PTH due to a decrease in vitamin D that was not reflected dramatically on calcium levels that remained within the normal range is probably due to the effect PTH on bone and kidney and the effect of vitamin D on calcium absorption. As expected, the observed effect of vitamin D on PTH in this study is mediated through calcium since calcium levels are significantly lower in subjects with severe vitamin D deficiency leading to increased PTH levels.
The negative correlation of age with BMD was obvious at the three bone sites (total hip, femoral neck, and lumbar L1-L4 spine). This is consistent with the fact that during the process of bone remodeling, bone formation takes less time than resorption [2, 53, 54] . Similar to the effect of vitamin D, no correlation was evident between BMD and serum calcium, PTH, PINP (bone formation marker), and CTX1 (bone resorption marker). However, a significantly higher level of bone remodeling was evident in the osteoporosis group as reflected by the high correlation between PINP and CTX1 in these subjects compared to the absence of correlation in the control group between the indicated markers. These results are consistent with the understanding that BMD is determined by complex interactions between genetic and non-genetic factors that play a role in determining the final bone health status [2] . Eventually, higher rate of bone remodeling in osteoporosis may lead to reduced stability in bone strength and could provide an explanation for the higher fracture risk in osteoporotic compared to non-osteoporotic individuals [13] . An additional complication in our understanding of osteoporosis was the effect of obesity on bone health. Our data showed that obesity had a positive correlation with BMD in the spine, total hip, and femoral neck and was protective against osteoporosis which is consistent with several previous reports [34, [55] [56] [57] [58] [59] [60] . On the other hand, our data also showed that obesity had a negative correlation with vitamin D and a positive correlation with PTH which may indicate that obesity is a risk factor for osteoporosis which has been also shown by other investigators [61] [62] [63] [64] [65] . The overall effect of obesity seems to be protective since the number of osteoporotic subjects among obese postmenopausal women was significantly lower than that in overweight and normal weight subjects and the odds ratio of being osteoporotic is lower in obese compared to overweight and normal weight. Other investigators found that obesity was correlated with increased selective bone fracture risk independent of the positive effect on BMD levels which indicate that bone health and osteoporosis development result from a complicated multifactorial process [63, [66] [67] [68] . Furthermore, since obesity constitutes a strong risk factor for diabetes, the associated low vitamin D levels, decreased insulin secretion, and or decreased insulin sensitivity contribute to the complexity of the effect of obesity on bone health [63] .
In conclusion, the present study showed no direct correlation between BMD and vitamin D (except at lumbar spine), bone formation (PINP) and resorption (CTX1) markers, and PTH and calcium (except at hip). There were also no differences in mean values of vitamin D between control and osteoporosis postmenopausal women. The apparent protective effect of obesity on osteoporosis based on the effect of obesity on BMD masks the effect of obesity on vitamin D, PTH, and obesity-induced insulin resistance. Some of the limitations of this study were the absence of external quality control for vitamin D, PTH, and bone turnover markers and the absence of local data base to be used for identifying subjects with osteoporosis. Also, fracture data was obtained from recruited subjects not because of the absence of medical records. More focused studies are needed to understand the interaction between these factors and other signaling and genetic factors on osteoporosis.
